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THE MOTION OF THIN METAL WALLS AND THE EQUATION OF STATE OF DETONATION FRODUCTS
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C. Tarver, W. Quirk,

and J. Walton

Lawrence Livermore National Laboratory
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This paper reports dynamic high resclution measurements made using metal
cylinders and flat plates accelerated by explosives tc determine detonatlon
product behavior. By using both thin walled cylinders and plates and by
utilizing both streak camera and Fabry-Perot velocimeter techniques, resolution
and accuracy greater than previously attained was achieved. As an example,
results for LX-1U, an explosive containing 95% HMX and 5% polyurethane, are
presented and compared to results of hydrodynamic calculations carried out with

an accuracy equivalent to the experimental resciution

Calculations show that

cylinder test measurements sample the detonation product eguation of state
(EDS) at expansior ratios V/V, > 1. Thin flat plates aiigned in the plane of
the detonation front provide detailecd informat:or on the higher compression

states (VCJ VIV, < 1.3,

respect to the pressure derivatives The
first increase as the prodiicts exgan:d from the

INTRODUCTION

Accurate experimental measurements of
detonaticn product eguations of state are needeag
both for precision applications and for basic
studies of product behavior. The pressure rang=
of interest is from 0.1 GPa tc over 40 GPa and =
temperature range from 1000°K and 4000°K.
Because of the combination of high temperature

and very high pressure, static pressure measure-

ment techniques cannct be used to measure the
equation of state for the mixture of gases and
solids produced in a detonation. For this
reason dynami¢ measurements have traditionally
beer used to evaluate detonation product
equations of state.

Some of the earliest work'l’ utilizec the
dependerice of detonatior velocity or loading
density. A gchnique using witnese
mater:als '~ to determine pressure at the
detonation front from shock impedance
relationships is Stil% gseﬁ extens:.vely. We
have previously shown that the velocity
history of an explosively expanded copper
cylinder can be used to develop a detonation
preduct equation of state. The edarlier work was
limited by the geometry of Lhe test and the
resolution of our rctating mirror camera (RM(
measurement techniques. Ir. particila~, thery
were large uncertaintizs in the prassure rag:pe
abrve 10 GPa.

In order to obtain more precise data at
high pressures, modifications nhave been made jn
the cylinder Zest and a flat plate test has heen
ceveloped. Much greater accuracy and resolut . on

The resuirs c¢f this study confirm earlier work with
resuits require that 1BlnP/Ban)S

T-Jd state,

can now be ob%g;ned by using Fabry-Perot
velocimeters.'”’ We have also made modi-
fications tc the RMC slit measurement technique
and have compared the two techniques.

This paper describes the experimental
techriques and presents results obtained for the
p.astic bonded explosive LX-14. The data are
used to refine the LX-14 detonation product
equation of state previously determined from the
c<l:nder test. Modern computer capacity and
speed permits calculations with resolution
comparable to the experimental measurements.
Letscled material models can be implemented to
study botr the explosive and the witness
materials. We will use hydrodynamic
calrulations to show the sensitivity of the
i.te 1o changes in tne eguatijion of state.

EXPERIMENTAL

The explosive used in this investigation
was LX-1Lk containing 95.5% HMX and U4.5% estane
S7T02~Fl1. This plastic bonded explosive contains
some HMY crystals that are 400 y or larger in
c¢iameter . The cyliinder experiments and most of
tae flat plate experiments were performed with
*n.s materizl pressed to 95,3 + 0.3 percent zf
Taeoret ¢z maximum density.

YWore performed under the auspices of the U.3.
{epartment of Energy by the Lawrence Livermore
hatjona’ Laboratory under contract No. W-7405-
N~ 4B,



In order to explore particle size effects,
a special fine grained version of LX-14 was
prepared containing HMX crystals with diameters
< 40 u. Tnis formulation was used in some of
the fiat plate experiments.

Cylinder Experiments

The configuration for the cylinder test has
been modified for the work described here as
shown in Fig. 1 fﬂgortant features which differ
from earlier work' ’ are that a large plane wave
booster is used to provide an initiation source
which is as flat and as nearly normal to the
tube axis as possible. The pin rings, one near
each end of the cylinder, are used to determine
detonation velocity but are also indexed so as
to measure any tilt in the detonation wave.

Most of the previous cylinder tests were
done with 1.000" inside diameter copper tubes
having 0.100" thick walls. We now use 2.0011
inside diameter tubes with 0.100" thick walls.
This geometry provides twice the time resolution
in monitoring the tressure cnange in the
detonation products.

I, our earlier work twc Model 75 streak
cameras were used to measure the rate of
cylinder expansion by observing the shadow of
the back-lighted cylinder mcving across the
camera slit. A Model 132 streak camera is now
also used to monitor cylinder expansion. This
rotating mirror camera is run over three times
as fast as the Model 79 cameras to better
resolve the initial wall motion.

The principal modification is the additicn
of Fabry-Perot velocimeters to measure cylinder
wall velocities directly. The two velocimeters
are positioned to look at opposite sides of tre
cylinder at close t¢ the same area monitored ty
the streak cameras. Comparison of results
obtained by these independent techniques prov:de
assurance of the precision and accuracy of the
measuremnents.
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Fig. 1 Cylinger experiment.

Fiat Plate Experiments

The geometries used in the flat plate
experiments ?E? shown in Figs. 2a and 2b. An
electric gun was used to initiate all except
tne 100-mm long LX-14 charges. These charges
were initiated with a P-O40 lens and 0.50" of
Comp. B, Both initiation systems produce flat
wave profiles and prompt initiation of L¥X-1Lk.

HIGH [APLOSIVE

COPPLR
or Al

LASER BEAM

!

Fig. 2a Fiat rlate experiment - electric gun
initiarion
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Flg. 2b Flat plate experiment — plane wave lenc
initiation.

CALCULATIONAL METHODS

The hydrodynamic analysis of the cylinder
experimen%$)uas done using the 2D Lagranglian (8)
code HEMP and the 1D Lagrangian code KOVEC'“’
was used for the flat plate experiments. The
speed anc memory size of the Cray computers now
allow fine enough zoning so that calculational
resolution using these codes are comparable tc
the experimental resoclution. A series of HEMF
calculations were run to determine the effect of
varying the zoning in cylinder test
calculations. Resolution to that of the
experiment was obtained with 0.02-cm axial and
0.0l1-cm radial zones in the copper and 0.04-cm
axial and 0.053-cm radial zones in the
explosive. This zoning was used for the
cylinder test 2D calculations presented in this
regort.

The JWL equatior of state(u’ for the
detonation products was used in the hydrodynamic
calculations (Eq. 1).

P=AQ1- R—:-’V)c“'v +B(1 - E“'JV)C_.’V

+4F )

where V = relative vclume. This form is very
flexible and permits analytic calculation of the
pressure and energy. The important resuits a-e
those derived from comparisons of experiments
and cadlculations. These comparisons reveal tne
precision to which one can determine the
equation of state of the detonation products.

To this end the results are independent of tne
form of the EOS.

The Gruneisen equation of state was used
for copper and aluminum. The coefficients used
in Eqs. 2 and 3 are presented in Table 1.

Ui=C+ 510, + U2 + SU2 (2)

PoC“ﬂll +(1- %)p -leﬂ]

[1 ~(Si-1u —sz(‘%)—s,(mfl )r

P=

+(70 +ap)e (3)
where B= % - 1.

TABLE 1
Lrunelcen Equation of State Coefficlients

Yo c s, S, s, Y  a

Copper 8,93 0.394 1.489 0.0 0.0 2.02 0.47

Aluminum 2.703 0.524 1.L0 0.0 0.0 1.97 0.48

CYLINDER TESTS

Experimental Results

The streak camera records obtained from the
cylinder test are read on a precision
comparator. A computer program converts film
coorcinates into actual radius (R) at the slit
and time, fits the data and calculates the wall
arrival vime at specified values of R - R,. The
results obtained for LX-14 at a density o? 1.83C
gm/cc are presented in Table 2.

The Fabry-Ferot velocimeter system consists

o“ a cylindrical lens, a Fabry-Perot interfero-
meter, a spherical lens, and an electronic
streak camera. It works on the principle of
racording the poslition vs. time of Fabry-Perot
fringes produced by the Doppler-shifting
reflected light from the cylinder wall. The
fringes are produced by virtue of the fact that
the Fabry-Perot interferometer will pass 1light

n only select discrete angles determined by the
tabry-Perct mirror spacing and the light
wavelength. Light reflected from a target
moving at constant velocity, though Doppler
«hifted, will give a static pattern.
Accelerating the target will cause the reflectecd
*eam to be Doppler shiftec to higher frequencies
<nd resualt in an expanding fattern, The change
r patterr is related to the change in velocity

' he exfression:



where , = the Initial beam wavelength, ¢ = the
velocity of light, L = the separation of the
Fabry-Perot mirrors, D,, and Dy, are the spacing
of adjacent pairs of lines in the static
pattern, and D,(t) is the spacing of the
expanded pattern. Should the velocity excursion
exceed the range between fringes, m is the
number of fringes traversed.

TABLE 2
Radius-Time History of Copper Cylinder
Expanded by LX-14

50.8-mm Diameter LX-14
2.725-mm Thick Copper Wall

R~R. (mm) t (usec)
0 0
1.0 1.01
2.0 1.78
3.0 2.42
4.0 3.02
5.0 3.56
6.0 4.10
7.0 4.60
8.0 5.10
9.0 5.58
10.0 6.07
le.0 7.02
14.0 7.94
16.0 8.85
18.0 9.73
20.0 10.62
25.0 12.80
30.0 14.92
35.0 17.01

In order to compare the cylinder test data
from the Fabry-Perot velocimeter with the
radius/time data taken from the rotating mirror
streaking camera (RMC), It is necessary to make
two adjustments, one in amplitude, the other 1n
time. These adjustments are needed because the
Fabry-Perot and the RMC are actually measuring
two very different quantities. The RMC measures
what might be called an “obscuration rate.”

Referring to Fig. 3 for the geometry, the
slit velocity can be written

Vs =Vetanbg ()

where V¢ is the velocity as measured along the
slit of the RMC, Vd is the detonation velocity
of the HE, and eS is the local angle of the
cylinder surface relative to the unperturbed
surface. The Fabry-Perot measures the particle
velocitly scaled by the dot product of the
particle direction and the laser beam
direction. This can be written

Vip = Ve cos(0p - 0, ©)

4

where Vr is the velocity as measured by the
Fabry-PegoL. VP {s the magnitude of the particle
velocity, 8, and & are the angles formed by the
particle trajectory and the laser with the
original normal to the cylinder surface.
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Fig. 3 Vector diagram of cylinder test wall
motion.
N

6. anc V_ are related through the
hydrodynamics of the cyliinder shot. Two
simplifying assumptions make it possible to
generate an analytical relation between them.
First, that the flow is self similar, second
that the particle trajectories are adequately
approximated by straight lines. The second,
assumption is supported by hydrodynamic code
calculations. From these assumptions, a
relation between VS and Vrp can be generated of
the form:

Vslt) = AV, (t + Al) M
where:
A= [52222515;251 -v},(fi-l&‘)!!%%;!: ] )
At =r(t)tan . /Vy,
and

) = L “Vslr)ds

Tnis relation has been tested by using the HEMP
code to calculate both the Fabry-Perot record
and the record that would be seen by the RMC.
The transform was identical tc the hydrodynamic
code resul=s.



The procedure described above for
converting Fabry-Perot velocity measurements to
velocities in the RMC slit plane was used on the
LX-14 experiments in which the radius/time
history (Table 2) was measured with streak
cameras. The average for the two experiments is
presented in Fig. 4 and compared to the streak
camera results in the next section.
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Fig. M Fabry-Perot determined average cylinder
wall velocity from two LX-14 experiments.

Comparison of Fabry-Perot and RMC Results

Results from the different dlagnostic
techniques were compared in two ways, to examine
reproducibllity from experiment to experiment,
and to examine any systematic difference between
the diagnostic techniques. Table 3 compares
wall velocities at R - R, = 6.5 mm. Streak
camera radius/time data has to be differentiated
to make this comparison. Figure 5 presents the
difference in expanded cylinder radius as a
function of time. Fabry-Perot velocity/time
data were integrated to make this comparison.
The overall uncertainty in velocity is estimated
as approximately 1/2% resulting in a 1%
uncertainty in the cylinder wall energy.

TABLE 3
Cylinder Wall Velocity Comparison

Exp. Density D Average Velocity at
No. (gm/cc) (mm/usec) R-R. = 6.5 mm
RMX F-F
K520 1.830 8.79 1.98€ 1.98¢
K521 1.830 8.80 1.976 2.00¢
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Fig. 5 Difference between streak cameras and
Fabry~-Perot velocimeters in cylinder radius/time
history measurements for LX-14.

Hydrodynamic Calculations

LX-14 cylinder test calculations have been
done using four different equations of state
(EOS) for the detonation products. The CJ
parameters and EOS constants are presented in
Table 4. The JWL EOS 370A is based on earlier
cylinder test data and an estimated PCJ of 370
kbars. The JWL EQOS 336A and the gamma law EOS
370G were used to illustrate the sensitivity of
the calculated results to changes In E0S. The
JWL EOS 360A is the revised EOS for LX-14 based
or the exper.mental results presented in this

paper .

TABLE A
CJ Parameters and Equation of State
Coefficients

Label 370A 360A 3367 370G
Parameters
F .370 .360 .336 .370 mb
o 1.835 1.835 1.B35 1.835 bsem S
g .880 .880 .883  .880 cm/ sec
Eq .102 .102 .0B8 .1005 mb
r 2.84 2.947 3,258  2.84
Coefficients
A B.261 11.65 129.46 -0-
E 1724 .5572 1.693 -0-
) .01296 .0184u4  ,00183 .130%
K, 4,565 5.4 9.6 LR
B 1.32 2.0 2.5 2.
w .38 Lu5 1 1.8u4



Figure 6 presents cylinder wall velocities
at early expanslons calculated with equations of
state having P.; of 370 kbars and PC of 336

kbars. The results are almost identical showing
that PCJ does not uniquely determine early wall
motion. The cylinder results, however, are

sensitive to pressure and energy changes in an
EOS at relative volumes for the detonation
products greater than ~1.1. The flat plate test
described below is used to resolve changes in an
EOS at lower relative volumes.

The fractional energy change in the
detonation products during expansion corresponcs
closely to the change in ¢ylinder wall velocity
squared. Flgure 7 presents this detonation
product energy change for various equations of
state relative to that of JWL EOS 370A. Delta E
is deflned as:

$E = AE EOS(z) — AE EOS 3704 )

The revised LX-14 EOS 360A is very close to EOS
370A at all expansions and they both match the
experimental cylinder data within experimental
error as shown in Fig. 8. (EOS 360A was chosen
over that previously used because it is more
consistent with the flat plate data described
below.) EOS 336A matches cylinder results
reasonably well at early expansions but
underestimates cylinder wall velocities at
larger expansions. The gamma law EOS 370G
calculates wall velocities higher than
experiment over the entire range of expansion.
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Fig. 6 Early cylinder motion calculated with
Pey = 370 kbar anc Peg = 336 kbar equations of
state for LX-14.
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Fig. 7 The relative fractional energy change in
the detonation products for the equations of
state used in this study.
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Fig. 8 Comparison of cylinder wall velocities
predicted by the old and the revised equations
of state with LX-1U experimental data.

FLAT PLATE TESTS

Experimenta. Results

Nineteen flat plate experiments using LX-14
and copper were performed in the geometries
depicted in Fig. 2. They were grouped into five
categories characterized by the ratio of the
ropper plate thickness to LX-14 thickness,
rable 5. Tnese categories tend to emphasize

1fferent high pressure EOS regimes.

See



TABLE 5
Metal to Explosive Ratjos for
Flat Plate Experiments

Length Cu/ No. of Plate Thickness {mm:
Length LX-14 Exps. Minimum Max imum
0.001 3 0.025% 0.02%
0.006 5 0.123 0.257
0.013 1 0.126 0.126
0.026 9 0.505% 2.502
0.053 1 0.532 0.532

The Fabry-Perot records for these
experiments were reduced to velocity/time
histories in a manner similar to that used in
the cylinder test. However, a particle velocity
vector correction was not necessary since the
plate motion is aligned with the impinging laser
light.

Detailed velocity’/time histories similar to
that shown in Fig. 9 were obtained for each
experiment and were used in comparisons with
hydrodynamic calculations. In order to
summarize the results for this report, average
velocities for varijous stages of plate
acceleration were defined as shown in Fig. 9 and
are presented in Table 6. Results for two LX-14
experiments with aluminum plates are also
presented in Table 6.

3.
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Fig. 9 Typical Fabry-Perot veloclity results
from the flat plate test. The average
velocities and times depicted correspond to tne
to the values llsted in Table 3.

Examination of the data presented in Table
6 shows significant scatter in early time
velocities. Explosive inhomogenities due to the

presence of large HMX crystals were considered a
possible cause. However, the four experiments
done with all fine grained HMX do not support
this conclusion. Further work is required to
pinpoint the cause of this scatter that is well
outside the precision of the Fabry-Perot
measurements.

Hydrodynamic Caliculations

The detonation product equations of state
listed in Table 3 and others were used to
calculate the flat plate experiments. Figures
10 and 11 present the results from such
calculations for a typical experiment. 1In the
flat plate test the initial plate velocity is
directly related to the detonation front
pressure. As can be seen in Fig, 10, a gamma
law EOQS and a JWL EOS with PCJ of 370 kbars give
the same Initial velocities. Subseguent
velocity increments are substantially different,
however. The gamma law EOS predicts velocities
higher than measured, whereas the JWL EOS is {n
close agreement with this experiment.
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Fig. 10 Flat plate velocities predicted by twe
equations of state with PCJ = 370 kbars.

Figure 11 presents results for two JWL
equations of state with different detonation
pressures, Similar comparisons for all the
experiments in Table 6 lead to the choice of 360
kbars for P.; and the use of EOS 3604 for
the comparisona between calculations and
axperiments presented in the Table.



Flat Plate Experisntal Hesults

Table 6

SHOT #9642 #9643 #9632 #9495 #9579 #9526 #9635 #9636 ¥9524
Copper Thickness (mm) .0254 .123 .126 .257 .126
LX-14 Length (mm) 25.58 20.18 19.97 40.15° 10,00
L 5
Xeu/XLx-14 .0010 L0061 L0063 | .0064 0126
-at? (psec) .01 0%, .05 .10 .05
v, (mm/usec) 2.43P 2.49 2,63 2.10 - 2.20 2.24 2.05 2,11
(+10.5%) (+13.5%) (+19.58)]] (-2.5%) +2%) (+3.5%) (-5%) (-2%)
v, (am/usec) 3.56 3.66 3.16 3.17 .22 3.36
(+5%) (+7.5%) (-5%) (-4.5%) (-3%) (+1.0%)
V_ (mm/usec) 4.24 4,22 4,28 3.85 3.83 1.83 4,00 3.88 3.72
3 (+2.58)  (+2.58)  (+3.5%) || (~4%) (-u.58) | (-u.5%) | (0%) (-3.50) || (-3.99)
Vu (mm/ ysec) 4.68 u.6u4
(+1.5%)  (+.5%) !
VL (mm/psec) 5.60 5.48 5.50 5.37
(-1.5%) (-.5%) (+2%) (-.5%)
t, (usec) .08 .076 l 1.0 1.0 1.0 1.0
|
HOT #BPI #BP2 #9578 1 #9577 #9634 ] #9633 #9527 #BP5 #BP6 #9528
Copper Thickness (mm) |[ 2.502 2.520 .505 526 .530 2.530 2.530 .532
LX-14 Length (mm) 101.61 | 101.60 20.15 19,9542 20.00 92.02 91.07 10.01
Do/ X1y .0246 L0248 .0251 1265 .0265 0275 .0278 .0532
a3 (usec) 1.00 1.00 ,20 .20 [ .20 1.00 1.00 .20
- =
v, (mm/usec) 240 oy 2.02 2.22 2.12 2.02 | 2.1 2.11 2.15 2.03
(+1%) (+2.5%) (-u4%) (+6%) (+1.5%) 1+1.5%) (+1%) (~-.5%) (+1.5%) (+1%)
V, (am/psec) 3,08 3.16 3.0M 3.09 3.07 3.03 3.03 3.06
(+.5%) (+3%) (-1%) (#13) | («13) (-.5%) (-.5%) (+.5%)
- |
vy (am/usec) 3.60 3.67 3.62 3.60 | 3.59 3.50 3.57 3.55 3.57 3.11
(+1%) (+3%) (+2%) (+1.5%) (1%) (-.5%) (+1.5%) (+.5%) (+1%) (+1.5%)
v, (mm/usec) 4,42 .31 4.35 4.35
(+2%) (+.5%) (+1.5%) (+2%)
v, (psec) 2.0 2.0 2.0 2.0 i 2,0 1.4
. 1
not #9586 49587
lAlunlnum Thickness(mm) .51%
LX-1U Length (mm) 20.23
a1/ XLx-14 -0255
'At(a)gggec) 1
V2 (mm/ psec) 4.79 4.65
(+1.5%) (-1.5%)
V3 (mm/psec) 5.22 5.10
(+1.5%) (-1%)
: vV, (mm/usec) 5.87 5.82
(+1%) (0%)
Y (usec) 1.5 1.5 8
a See Fig. 9 for definition of t and V
b Numbers in ( ) are differences of experimental veloclties and those calculated with LX-14 EOS #360A.

c Speclal formulatlon with small particle slze HMX
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Fig. 11 Differences in flat plate velocities
predicted by Pry = 360 kbar and Py = 336 kbar
equations of state.

The initial plate velocitles measured for
the very thin 0.025 mm copper plates are much
higher than those measured for thicker plates.
This clearly indicate that "von Neumann spike”
effects are present. Figure 12 compares
experiment to calculations done with and without
a reactive flow model using the JWL 370A EOS for
the products. The calculatio?ggslng a reactive
flow model proposed by Tarver is in close
agreement with the experiment.
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Fig. 12 Initial velocity of a very thin copper
plate showed the effect of the reaction zone.

The comparisons of experiment with
calculation presented in Table 6 show three
regimes. For very thin plates (0.025 mm) the
effect of the reaction zone is apparent. The
measured early velocities are higher than those
calculated without a reactive model. Experi-
ments with plates about 0.1 to 0.2-mm thick have
early velocities considerably less than those
calculated. If the plate is thicker than about
0.5-mm, the calculations agree fairly closely
with experiment. No single EOS could be found
{even using the reactive model) which would
bring the results from all three regimes intoc
perfect agreement. This is strongly indicative
of time-dependent effects taking place later
than those normally associated with the LX-14
reaction zone. Investigations in this area are
continuing.

Several calculations were run to show the
effect of different equations of state on plate
velocity for both a thin and thick copper plate
accelerated by 30-mm of LX<14. Figure 13 shows
the pressure difference for the two equations of
atate, EOS 370A and EOS 336A, where:

5P = |P EOS 3384) - [P EOS 3704]  (9)
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Fig. 13 Differences in pressure at small
relative volumes for P,y = 370 kbar and P.; =
336 kbar equations of state.

Figure 14 presents the results for the
0.127-mm copper plate. The initial velocity
difference is due to the difference in P.;. The
later velocities are primarily determined by the
differences in pressure below a relative volume
of 1.1.
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Fig. 14 Differences in "thin" plate velocities
predicted by PCJ » 37C kbar and Pey 336 kbar
equat ions of state.

Figure 15 presents the calculations for the
0.635-mm plate. This plate is five times as
thick as the "thin™ plate discussed above. The
initial veloclty difference is again determined
by the differences in PCJ' The veloecity
difference at later times however decreases
because in this case the veloclity history fis
determined by the pressure at relative volume up
to about 1.5.
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Fig. 15 Differences in "thick" plate velocities

predicted by Pc; = 370 kbar and Pcy = 336 kbar
equations of state.

CONCLUSIORS

Improvements have been made in experimental
procedures and analysis and hydrodynamic
calculations which permit a more precise
determination of the equation of state of
explosives. Experiments measuring the early
expanslon data of the products of LX-14 were
reproducible to within 4% in energy while those
emphasizing larger expansions were within 2% in
energy. The empirical detonation product
equation of state thus generated 1s useful both
for designing metal/explosive assemblies and as
a check on "first principle™ equations of state.

The conventional definition of PCJ was used
throughout as a convenlent initial condition at
the shock front. We have considered "von
Neumann spilke" phenomena and accounted for the
effecta. We have not treated the problem of
kinetic effects with longer time scales but have
certainly not ruled out such effects. An
"effective™ shock front pressure and particle
velonitv corresponding to Pn; =~ 360 kbars are
consistent with the experimental results
described here.

1f the products are treated as an

equilibrium mixture of gases and condensed
phases, the expansion described here is the
proper description. On this basis our results
show that the isentrope index T = (alnPlaan)S
must increase for increasing volume in the
region of V BERS V < 1.1 in order to match the
experimental data.

There is a small but clearly discernible
discrepancy between the "thin" plate and "thick"
plate results which has not been resolved by
varying the EGS. Further experimental tesats
w:1l1l be required to eatablish the exact nature
of this discrepancy. Nevertheless kinetic
effects beyond the "von Neumann spike" must be
considered,

We believe that a consistent treatment of
longer time scale (>0.1 us) kinetic effects such
as the formation of solid carbon following the
detonation front may very well be reguired to
explain the experimental results and would alter
this equlliibrium description.
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